Mild cognitive impairment (MCI) may take several forms, and amnestic MCI (aMCI) has been recognized as an early stage of Alzheimer's Disease (AD). Impairment in executive functions including attention (eMCI) may be indicative of several neurodegenerative conditions. Executive impairment is frequently found in aMCI, it is significant for prognosis, and patients with eMCI may go on to develop AD. Recent studies have found changes in white matter integrity in patients with eMCI to be more sensitive than measures of cortical atrophy. Studies of genetic high-risk groups using sensitive cognitive neuroscience paradigms indicate that changes in executive function may be a cognitive marker useful for tracking development in an AD pathophysiological process.
Introduction
The diagnosis of MCI due to AD (the symptomatic predementia phase of AD) has been recently proposed by the National Institute on Aging and the Alzheimer's Association [1] . Diagnostic criteria include concern regarding a change in cognition, impairment in one or more cognitive domains, preservation of independence in functional abilities, and not demented. Within the generally accepted framework, clinical presentations may be in the memory (amnestic) or nonmemory domains [2] .
Clinical studies of prodromal stages to AD tend to focus on persons with amnestic MCI (aMCI). Both the Alzheimer's Disease Neuroimaging Initiative (ADNI) and the Mayo clinic cohorts typify this population. In the Mayo clinical study of aging, persons in the age range of 70-89 years are enrolled, with 2/3 of the MCI group being aMCI [3] . ADNI [4] enrolls participants between ages 55 and 90, and mean age for the MCI group is 74.7 years. Researchers from the Mayo clinic proposed quantitative criteria for identifying MCI as a prodromal stage to Alzheimer's disease in 1999 [5] . They stressed the importance of memory impairment and proposed quantitative criteria specifying the level of memory deficit relative to global cognitive functioning. In ADNI, MCI is defined as a Clinical Dementia Rating of 0.5, and performance on the free recall measure of a neuropsychological memory test (Logical Memory II) is below a given threshold. Since the vast majority of the subjects characterized as aMCI will develop AD, aMCI may be defined as a prodromal condition of AD [6] . The pathophysiological basis and prognosis of nonamnestic MCI remains unclear, and the group is probably heterogenous [6, 7] , including patients with frontotemporal dementia [8] , Parkinson's disease [9] , dementia with Lewy bodies [10] , vascular dementia [11] , and neuropsychiatric conditions (depression) [12] . Change in the frontostriatal network supporting executive functions may occur as a part of healthy aging [13, 14] . Thus, an MCI subgroup with isolated executive difficulties may be an extreme group of normal aging.
The objective of this paper is to review executive/ attentional impairment as an important aspect of MCI or pre-MCI in terms of symptom manifestation and importance for disease progression. We will focus on recent research on MRI and genetic markers that may serve to further understanding of the pathophysiological processes underlying executive MCI (eMCI) and its relation to AD.
Executive Dysfunction in MCI
Attention and executive impairment are frequent and disabling symptoms in MCI when measured with neuropsychological tests ranging from simple processing speed tasks to tasks of complex problem solving. The distinction between clinical tests of attention and test of executive function is a fuzzy one and they are here treated as on the same continuum. There is no consensus on how executive function should be tested in clinical studies [15] , and studies that take into consideration developments in cognitive psychology [16] find high frequency of executive impairment in both amnestic and nonamnestic MCI [17] , with some subfunctions more affected than others.
Alzheimer's disease (AD) is the most common cause of dementia and accounts for approximately 60-70% of all dementia cases [18] , and deficits of episodic memory are a cognitive hallmark of the disease [19] . Executive dysfunction is evident in the prodromal stage of AD [20] [21] [22] and appears predominantly in tasks requiring cognitive flexibility, inhibition, and self-monitoring [23] . There is evidence that the commonly reported impaired ability to perform two tasks simultaneously in AD reflects a specific deficit in dividing attention, rather than the result of a more general processing speed deficit [24] . According to the model of cognitive decline leading to AD presented by Perry and colleagues [25] , executive problems appear after memory problems in time, but before typical parietal lobe symptoms (aphasia, visuospatial deficits). When executive dysfunction is present, it has a clear negative influence on ability to manage activities of daily living and may thus add to the risk of conversion from MCI to AD [26] . Predictive accuracy for conversion from MCI to AD for one set of cognitive variables (composed of episodic memory and processing speed measures) has been found to be as high as 0.86 (sensitivity, 0.76; specificity, 0.90) [27] . Gomar et al. [28] found that a test of executive function and assessment of baseline functional capacity predicted conversion from MCI to AD after 2 years better than biomarkers (MR and CSF).
Executive Nonamnestic MCI
Both aMCI and attention/executive MCI subtypes have been regarded as important predementia subtypes, at risk for AD [29] . While aMCI is usually defined as a prodromal, at-risk condition of AD [30] , isolated executive dysfunction can be a prodromal stage for several neurodegenerative diseases. In cases of predementia AD, it is not clear if aMCI and eMCI may be two different categories/subtypes of AD or represent different phases of AD development.
If attention/executive MCI is not a distinct AD subtype, but an earlier stage of AD than aMCI, then aMCI should be expected to have executive/attentional deficits in addition to memory impairment. It has been reported that attention and executive functions may be impaired in the incipient stages of AD and may contribute to the observed memory deficit [31] . It has been argued that even patients defined as "pure" aMCI on screening tests may have executive impairment, when a comprehensive neuropsychological examination of executive cognition is performed [17] .
The existence of nonamnestic attention/executive MCI has been recorded in several MCI studies [29, [32] [33] [34] [35] [36] [37] , where a comprehensive neuropsychological test battery has been utilized for classification purposes. The prevalence of attention/executive MCI will vary widely in different samples based on recruitment criteria and assessment methods but has been reported as from 3 to 15% [38] . In the sample studied by us [37] attention/executive MCI without amnestic deficit constitutes about 30% of the total MCI group, which on the whole is 10-15 years younger than the ADNI study group.
In a study of Johnson and colleagues [35] , 31 older adults with pure executive MCI were identified. Of the 12 executive MCI patients who progressed clinically after two years, 2 converted to probable dementia with Lewy bodies, 10 retained the clinical diagnosis of MCI, and none reverted to normal. Patients with single domain executive MCI who progressed quickly over two years had more temporal lobe atrophy on MRI and slightly lower scores for visual memory recall when compared to the stable executive MCI patients, possibly suggesting that converters may be at their later stages of clinical progression. The executive MCI patients who progressed reported fewer dysexecutive symptoms than nonprogressors, while there were no differences in informantrated dysexecutive symptoms and baseline performance on all four executive tests.
Nine subjects with pure attention/executive MCI were identified in the longitudinal study of Whitwell and colleagues [29] . In this study, almost 70% of MCI patients within an attention/executive subgroup progressed to dementia in the period of four years, suggesting that the group is at high risk of developing dementia. Three patients converted to dementia with Lewy bodies and three patients converted to AD dementia. The prognosis for other patients with isolated attention/executive dysfunction in the study of Whitwell and colleagues is not clear, but they may also convert to other dementias or remain stable over many years.
By using similar criteria for classification of subjects as those used in the study of Whitwell and colleagues, we have identified a bigger group of 23 nonamnestic attention/ executive MCI patients [37] . A longitudinal followup will show how many patients will develop AD and other dementias.
Brain Imaging-MRI Morphometry and Diffusion Tensor Imaging
The attention and executive functions depend on distributed networks [39] , encompassing both frontal and parietal associative cortices, as well as subcortical structures and white matter (WM) pathways [40] . The executive functions control and monitor task performance and depend critically on the frontal lobes. Three fronto-subcortical circuits (originating in the prefrontal cortex) have been identified as responsible for executive control functions, that is, the dorsolateral prefrontal cortex (working memory), the lateral orbital cortex (inhibition), and the anterior cingulate cortex (response conflict) [41, 42] . Degeneration of the medial temporoparietal memory network is typical for AD [43] . Findings from functional imaging indicate that during prodromal AD, the brain network involving the dorsolateral prefrontal cortex and the anterior cingulate, is affected [44] . Alterations in these regions have been associated with impairments in executive functions [45] . While aMCI is characterized by medial temporal lobe affection [29] , atrophy in the basal forebrain has been found to be characteristic for the MCI groups with isolated attention/executive deficits [29, 33] .
Some studies have reported an association between prefrontal cortical changes and attention/executive impairment in MCI [29, 34, 46] . Significant cortical atrophy in frontal regions [47] has been found in predementia AD. It has been argued that prefrontal damage, in combination with cingulate damage, has predictive value for the conversion from MCI to AD [48] . Another recent study indicates that white matter (WM) pathology in AD is distributed in all lobes of the brain but it is most prominent in the frontal WM [49] . In addition to frontal WM changes, MCI patients may have WM changes in both anterior [50] and posterior [51] cingulate regions. The anterior cingulate region is regarded as belonging to a network responsible for executive control function while the posterior cingulate belongs to a memory network [52] . Thus, it has been hypothesized that the caudal portion of the anterior cingulate plays a major role in executive function abilities, primarily through its reciprocal connections with the prefrontal cortex [53, 54] .
In our recent study on attention/executive MCI [37] , we have demonstrated consistent relationships between neuropsychological function and the microstructural properties of the WM brain pathways measured by diffusion tensor imaging (DTI), as well as cortical-morphometric parameters. Executive impairment in MCI patients with unaffected memory performance has been associated with reduced WM tract integrity (increased radial diffusion (DR) and mean diffusivity (MD)) in frontal and cingulate regions and cortical thinning in caudal middle frontal region. We have found that WM DR/MD increases in frontal, cingulate, and entorhinal regions in patients with attention/executive MCI, but cortical thickness was not different from controls in any of the studied regions [37] . The findings may thus indicate that the relative importance of grey matter versus WM changes may differ at different stages of predementia cognitive impairment [55, 56] .
Frontal and temporal WM diffusivity changes have been previously described in aMCI patients [57] . By using DTI to characterize executive networks in MCI, we found WM DR/MD changes in both the anterior and posterior cingulate regions in eMCI suggesting that both regions may contribute to attention/executive impairment in MCI [36] . The cingulate cortex projects into the striatum [42] , and both the anterior and posterior cingulate cortices receive mediodorsal thalamic afferents [48] , which are part of fronto-subcortical circuits, involved in executive function. Some attention/executive subfunctions correlated significantly with imaging findings in frontal and cingulate regions in the eMCI group, but no significant correlations were found in the controls. In attention/executive MCI, response inhibition was associated with WM DR/MD underlying the superior frontal cortex, and response inhibition/switching was associated with WM DR/MD underlying the superior frontal, rostral middle frontal, lateral/medial orbitofrontal, and retrosplenial cortices. Test scores for attention and divided attention were associated with the cortical thinning of the caudal middle frontal region. The study results thus support the results from previous MCI studies, where associations between prefrontal changes and attention/executive impairment have been reported [29, 34, 46] . In addition, the results confirm that cingulate changes are associated with executive impairment in MCI [48] .
In one recent study [34] , MCI patients with isolated executive dysfunction had cerebral hypoperfusion in bilateral middle frontal cortex, bilateral posterior cingulated, and the left precuneus relative to controls. Relative to aMCI patients, eMCI patients had hypoperfusion in the left middle frontal cortex, left posterior cingulate, and the left precuneus, supporting the existence of pathophysiologically distinct MCI subgroups.
In the study of Pa and colleagues [33] , executive nonamnestic MCI subgroup had significantly less grey matter in the left dorsolateral prefrontal cortex compared with control subjects. The eMCI subgroup had less volume in the caudate nucleus compared with aMCI group, but the differences for prefrontal cortex in eMCI versus aMCI were not significant, which could be due to some reduction of prefrontal cortex volume in aMCI as well. In contrast, the aMCI patients had less volume in the right inferior parietal cortex, typical for AD, than eMCI. These neuroimaging findings also suggest that some of the eMCI patients may represent a distinct subgroup of MCI.
We have found increased entorhinal WM DR and MD in both patients with memory impairment and those with attention/executive dysfunction without objective memory impairment [37, 58] , suggesting a common affection of regions known to show changes in early AD. Attention/executive MCI may be an earlier stage of AD than aMCI and the patients with nonamnestic attention/executive impairment may develop memory problems later. It is also possible that patients with attention/executive MCI may progress to non-AD dementias or AD with disproportionate neuropathology in the frontal cortex.
Nonmemory Findings Associated with Genetic Risk of AD
To study very early development of AD, neurobiological markers of high risk in asymptomatic individuals may be used. Sperling et al. [59] use the term AD-P to denote pathophysiological factors that are significant for the development of clinical AD (AD-C), but each factor in isolation does not cause AD-C. Candidates for markers may be molecular or genetic. Amyloid accumulation may be measured with positron emission tomography (PET) or with cerebrospinal fluid (CSF) analyses, but both are invasive and costly procedures that are not suitable for screening. Genetic risk can be assessed relatively simply, and followup studies of healthy at risk populations are not prohibitively expensive although they have ethical problems. Apolipoprotein E (APOE) and e4 allele carrier status confer a significant increase in risk of developing AD [60] . Recent studies of relative risk based on large samples [61] argue that the impact of APOE e4 on AD risk is similar to that of major genes in Mendelian diseases and comparable to genetic risk of breast cancer. Amyloid load in cognitively normal persons above age 60 correlates positively with APOE e4 [62] . In MCI patients PIB-positive PET scans are more frequent in APOE e4 carriers [63] . In patients with AD, progression of cerebral amyloid load is associated with e4 gene dose [64] . There is thus evidence that a major genetic risk factor for AD is associated with preclinical accumulation of beta amyloid, the most significant pathophysiological causal factor for developing AD. Greenwood et al. [65] have argued that in view of the complexity of APOE mechanisms affecting cognition, it would be misleading to view all cognitive effects of e4 as evidence of incipient AD, and they argue that in normal aging there is an accumulating effect of inefficient neural repair mechanisms associated with the e4 allele. These changes make the brain more vulnerable to pathological processes, including accumulation of amyloid beta 42 in AD, but do not cause this process to occur in all e4 carriers.
Severe cholinergic changes are found in advanced AD, with loss of cholinergic neurons and receptors [66, 67] . DeKosky et al. [68] found that cholinergic systems are upregulated in MCI individuals. The authors propose that the loss of this apparent compensatory response may mark the conversion of MCI to diagnosable AD. Recent evidence indicates that complex interactions between APOE e4 and cholinergic genes (BuChE) affect the conversion rate of MCI to AD [69] and that the level of beta amyloid accumulation in the brain is related to both APOE and cholinergic activity [70, 71] . Thus we see evidence of a negative interaction between APOE, beta amyloid accumulation, and cholinergic dysfunction.
There have been numerous studies of cognitive symptoms associated with APOE e4 carrier status in nondemented persons. Wisdom et al. [72] used a meta analysis of more than 2000 participants and found significant positive effect size for memory and global intellectual function. The effect sizes are moderate, and the studies are influenced by choice of methods, especially in nonmemory cognitive domains. Parasuraman and collaborators [73] have taken a cognitive neuroscience approach to study effects of genes involved in risk of AD (APOE) or mechanisms involved in cognitive deficit in AD (cholinergic genes-CHRNA4). They concluded that intact focusing and impaired disengagement of visuospatial attention may be linked to dysfunction in early AD of corticocortical networks linking the posterior parietal and frontal lobes. Greenwood et al. [74] found that healthy middle-aged adults without dementia who carry the APOE e4 allele show deficits in spatial attention and working memory that are qualitatively similar to those seen in clinically diagnosed AD patients. This finding is replicated in an independent sample by Espeseth et al. [75] . The findings support an association between APOE polymorphisms and specific components of visuospatial attention. Later studies have extended the findings to working memory measured by operation span [76] . Greenwood et al. [65] used an experimental paradigm measuring working memory for dot locations in a spatial array and found that accuracy was reduced in healthy e4 homozygotes, of mean age 57-60. Reinvang et al. [77] found that e4 carriers performed worse on letter-number span, another working memory task, and in addition on the Stroop color-word interference task. The groups did not differ in tasks of episodic memory.
Wishart et al. [78] studied cortical activation pattern in a working memory task and the e4 group showed greater activity during working memory in the medial frontal and parietal regions bilaterally and in the right dorsolateral prefrontal cortex. There were no regions in which the e3 group showed greater activation than the e4 group. By measuring event-related potentials (ERPs) while MCI patients 50-76 years of age worked on an experimental attention task (auditory three-stimulus oddball). Reinvang et al. [77] performed an event related potential (ERP) study with MCI patients and found attenuated N1 and N2 amplitudes in e4 carriers. In a follow up study with only normal controls covering the same age range working on the same auditory oddball task, e4 carriers also had reduced N1 amplitudes. Furthermore, N2 latency was longer for e4 carriers, and this latency predicted memory decline 3.5 years later, suggesting that attention-related functions may presage memory decline in those with elevated risk for AD [80] . The later component P3 has been shown to be associated with APOE in healthy controls. Irimajiri et al. [81] found reduced amplitude among healthy female e4 carriers in auditory task, and Espeseth et al. [82] found e4-related reduction of visual P3a amplitudes. Together, these findings indicate a potential clinical significance of individual differences in the attentionrelated ERP components N1, N2, and P3. These findings of APOE-related changes in attention are associated with APOE-related differences in brain structure. Espeseth et al. [83] found that healthy e4 carriers had thicker cortices than noncarriers in regions of the brain known to be involved in attentional function. However, an age by APOE interaction showed that this effect was specific for the middle-aged participants. The crosssectional data indicated that there might be an accelerated thinning of the cortex for e4 carriers, suggesting that the thicker cortex among the middle-aged might be associated with a dysfunctional process. Espeseth et al. [82] showed that cortical thickness in regions with significant carrier versus noncarrier diffrerences was negatively correlated with P3a amplitudes, suggesting that the increase in cortical thickness was indeed dysfunctional. Further support for this interpretation was presented by Fortea et al. [84, 85] who showed that while symptomatic PSEN1 mutation carriers had widespread cortical thinning compared to healthy controls, asymptomatic mutation carriers had thicker cortices, suggesting that high risk for AD may be associated with a temporary thickening of the cortex.
Cognitive functions are sensitive to interaction of APOE with other factors, including interaction with other genes. Espeseth et al. [75] and Reinvang et al. [86] have argued that interaction (epistasis) of APOE and CHRNA4, a nicotinic receptor gene, influences function in the domains of attention and executive function. CHRNA4 has been shown to be related to attentional function in several studies [86] [87] [88] [89] [90] [91] [92] [93] . The search for cognitive markers of very early AD, possibly predating amnestic MCI, should therefore take account of the cognitive neuroscience literature on the role of cholinergic systems in attention and executive function. Furthermore, tasks from cognitive neuroscience research that have proven to be related to specific cortical-subcortical activation patterns or neurotransmitter systems may in general be more sensitive to subtle cognitive changes than tests derived from clinical studies of advanced pathology.
Discussion
Problems of attention and executive function are common in MCI, and in patients with aMCI they are the most important additional symptom domain in multidomain aMCI. It is generally believed that in this group, executive deficit appears after memory impairment in the sequence of cognitive decline leading to full blown dementia.
Executive MCI may occur without memory impairment, and there is evidence that although etiology is heterogenous, a significant proportion of these patients develop AD. How large this group is in MCI samples varies and is dependent on several factors. The strong focus on memory problems as key symptom in early AD, and the wide normal variation in attention and executive function in aging, may indicate a high threshold for these patients to seek medical service. Our own data indicate that in a relatively young MCI population investigated with comprehensive neuropsychological testing, eMCI is a common variant. Attentional and executive dysfunctions may remain undetected even though a thorough neuropsychological examination is performed. Difficulties in dividing attention and manipulating remembered information may be reflected in everyday tasks, such as packing a bag, keeping track of conversations, or walking whilst talking [22] . Patients with executive MCI may show increased behavioral symptoms on questionnaires that specifically measure executive behaviors compared with aMCI and control subjects [33] . Knowing that decreased awareness of cognitive symptoms has been reported in some patients with MCI [94] and executive MCI [95] , it may be helpful to ask other informants to rate executive symptoms of the patient.
Current conceptions of early MR changes emphasize hippocampal and cortical atrophy as the significant pathological event, closely linked with emergence of memory impairment [59, 96] . MR analysis yields sensitive measures of a range of pathognomonic events, and recent publications from our group and others indicate that reduced quality of the connectivity of brain networks may compromise cognitive function. This is true, both for the memory network of the brain, including posterior cingulate, and additionally for frontal networks. These networks are involved in both memory and nonmemory functions. Our studies and those of others indicate that in identifying the brain changes underlying eMCI one should emphasize fiber integrity as measures with DTI as well as frontal lobe cortical thinning.
In their report on the status of preclinical markers, AD Sperling and collaborators [59] use the concept of Alzheimer's Disease-pathophysiological process (AD-P) to denote different processes that may contribute to development of clinical Alzheimer's Disease (AD-C). Furthermore they point to studies combining biomarkers (of AD-P) with measures sensitive to very subtle cognitive decline as clearly needed. Large-scale longitudinal studies of biomarker-positive populations raise enormous problems in terms of ethics, costs, and logistics. We suggest that healthy APOE e4 carriers are a realistic and highly relevant study group. Subclinical genetic effects on MR-morphometry [83] , DTI [97] , and Default Mode [98] have been shown. Experimental cognitive studies have identified specific attention and executive subfunctions as sensitive to APOE allele variation. The paradigms need to be further developed and standardized for use in clinical/epidemiological studies. This development could be modeled on the effort to standardize cognitive neuroscience paradigms for application in schizophrenia research [99] . A great advantage is that they are suited for computerized administration and scoring, so that one may foresee study participants in a longitudinal study logging on to the internet and complete a set of standard tasks at regular intervals.
